However, subsequent ferromagnetic resonance (FMR) studies on Nb/Ni80Fe20 bilayers [17, 18] and Nb/Ni80Fe20/Nb trilayers [19] have shown that spin angular momentum transfer in such structures is predominantly mediated by quasiparticles (QPs) for the superconducting state and thus largely suppressed at a lower temperature T by the development of singlet superconductivity and the freeze-out of available QP states [17, 20, 21] . This is likely because the magnitude of M(t) inhomogeneity or noncollinearity, parameterized by the magnetization precession angle θM, is too small (a few degrees at 10-20 GHz) [17] [18] [19] to yield the measurable effect of M(t)-induced triplet supercurrents [15, 16] . Another recent experiment, on the other hand, has reported that for Ni80Fe20 films sandwiched between rather thick Nb layers (100 nm) [22] , the DC resonance field shifts remarkably to a low field below the superconducting transition temperature Tc, interpreted as possible evidence for field-like spin-transfer torque (STT) induced by spin-triplet supercurrents.
According to the STT theory for metallic magnetic heterostructures [23] [24] [25] , the anti-damping STT is expected to be much larger (an order of magnitude) than the fieldlike STT due to the rapid dephasing of transverse spins in the FM [25] . It is thus of fundamental importance to test whether the effect of the anti-damping torque (relevant to the Gilbert damping change Δ [α] ) is consistent with that of the field-like torque (associated with the resonance field shift Δ[µ0Hres]) in the superconducting state.
Furthermore, knowledge about how magnetization dynamics of the FM changes by Meissner screening and magnetic flux pinning [26, 27] , especially in contact with thick SC layers, is highly desirable for the successful implementation of FMR functionality in FJJ-based superconducting spintronics [8] [9] [10] . Note that the triplet proximity channel which is required to carry spin angular momentum depends on the strength of the underlying singlet superconductivity and thus thicker superconducting electrodes are favorable for the generation of higher density superconducting spin currents in FJJs [8] [9] [10] [12] [13] [14] .
Here, we focus on thick Nb/Ni80Fe20/Nb trilayers where the Nb thickness tNb is comparable to the London penetration depth L of Nb films (≥ 100 nm) [28] and so there exists a non-negligible effect of Meissner screening on the local (DC/RF) magnetic field experienced by the middle Ni80Fe20 layer. Through broad-band (5-20 GHz) FMR measurements on such trilayers, we identify that the anomalous zero-frequency line broadening µ0ΔH0 and the significant Δ[µ0Hres] to a low field both appear below Tc.
Importantly, the effect of Δ[µ0Hres] is found to be 1-2 orders of magnitude larger than that of Δ[α], which is incompatible with the STT theory [23] [24] [25] . We explain these peculiar behaviors in terms of locally perturbed magnetization precession of the middle Ni80Fe20 layer under spatially inhomogeneous magnetic fields caused by the strong Meissner effect and the magnetic flux pinning [26, 27] of the thick adjacent Nb layers. Static magnetic properties of the samples and comparison with FMR data on thick Nb/Ni80Fe20 bilayers consistently support our explanation.
II. EXPERIMENTAL DETAILS
Polycrystalline Nb/Ni80Fe20/Nb trilayers and Nb/Ni80Fe20 bilayers are deposited on thermally oxidized Si substrates with lateral dimensions of 5 mm × 5 mm using DC magnetron sputtering in an ultra-high vacuum chamber. The Nb (Ni80Fe20) thickness tNb (tPy) of 100 (15) nm is chosen to allow comparison with the recent FMR study on similar sample structures [22] . Details of the sample growth and Tc characterization are described elsewhere [19] .
We measure the FMR response of the sample attached on a broadband coplanar waveguide with either DC field or RF pulse modulation [19] ; to obtain each FMR spectrum, the absorbed microwave (MW) power by the sample is measured while sweeping the external static magnetic field µ0H at the fixed MW frequency f of 5 to 20
GHz. Note that for all FMR measurements, the MW power is set to 10 dBm where the actual MW power absorbed in the sample is a few mW that has no effect on Tc of the Nb layer [19] . At the beginning of each measurement, we apply a large in-plane µ0H (0.5 T) to fully magnetize the Ni80Fe20 layer, after which the field is reduced to the range of FMR.
Once the f-dependent FMR measurements (from high-to low-f) finish, the field is returned to zero to cool the system down further for a lower T measurement. We employ a vector field cryostat from Cryogenic Ltd that can apply a 1.2 T magnetic field in any direction over a T range of 2−300 K. Some FMR measurements are conducted on the same samples using a different Helium flow cryostat from Oxford Instruments to test for reproducibility.
Magnetization properties of the same samples used for FMR measurements are characterized using a Quantum Design Magnetic Property Measurement System at T varying between 2 and 300 K. For all FMR and magnetization measurements, µ0H is applied parallel to the film plane; a careful alignment of the film plane with respect to µ0H is made to minimize any unintentional out-of-plane component of µ0H.
III. RESULTS AND DISCUSSION
A. Temperature dependence of ferromagnetic resonance at different frequencies Let us first consider the T evolution of FMR spectra for the Nb(100 nm)/Ni80Fe20(15 nm)/Nb(100 nm) trilayer. Figure 1 and µ0Hres are both almost independent of T. However, on entering the superconducting state (T < Tc), µ0ΔH broadens largely down to 4 K followed a slight fall at a lower T and µ0Hres shifts significantly to a low field; these effects are more pronounced for a lower f.
This superconducting state FMR response is quite different from observed in the relatively thin Nb/Ni80Fe20/Nb samples (tNb ≤ 60 nm << L) where Δ[µ0Hres] is less than 2% (at f = 20 GHz) and µ0ΔH narrows monotonically below Tc [19] , implying that the tNb-dependent superconductivity itself is responsible for the difference between them.
B. Significant zero-frequency line broadening and resonance field shift below Tc
For a quantitative analysis, we extract the Gilbert(-type) damping constant from the linear scaling of µ0ΔH with f at a fixed T [ Fig Here 0 ∆ 0 is the zero-frequency line broadening due to long-range magnetic inhomogeneities in the FM [31] and is the gyromagnetic ratio (1.84 × 10 11 T -1 s -1 ) [32] .
In the formula, we exclude other extrinsic broadening effects such as two-magnon scattering [33, 34] and Mosaicity broadening [34, 35] approximately an order of magnitude stronger than that in the relatively thin Nb/Ni80Fe20/Nb samples (tNb ≤ 60 nm << L) [19] . This implies that when tNb is comparable to L [28] , the coupled superconducting Nb layers perturb locally magnetization precession of the Ni80Fe20 layer and cause the incoherent precession near the Ni80Fe20/Nb interfaces.
The influence of superconductivity on 0 ( ) can be described using the
where 0 is the effective saturation magnetization and 0 ℎ is the correction term that describes the superconductivity-induced resonance field shift. In 
C. Static magnetic properties below Tc
To support our explanation of the FMR result, we perform static magnetometry measurements on the same samples (used for FMR measurements) across Tc. In fact, the anomalous FMR response observed in the thick Nb/Ni80Fe20/Nb trilayer below Tc (Sec. B) can be explained if we consider that the trapped magnetic flux at defects randomly distributed in the neighboring Nb layers serves as the internal source of additional magnetic field to the middle Ni80Fe20 under the external DC resonance field.
D. Comparison with bilayers
To further support our explanation, let us now discuss the FMR results (Fig. 4) taken from the Nb(100 nm)/Ni80Fe20(15 nm) bilayer where overall flux pinning (of the sample) is weaker compared to the trilayer (Sec. C). The bilayer result suggests that the FMR linewidth change is more sensitive than the resonance field shift to the local flux pinning and so the f-dependent linewidth analysis may be useful to isolate somehow the genuine spin-triplet proximity effect [8] [9] [10] from other extrinsic phenomena [40, 41] being driven in FM/SC interfaces, a key ingredient for developing superconducting spintronics.
IV. CONCLUSIONS
How Meissner screening and (defect-)trapped magnetic flux affect magnetization dynamics in thick Nb/Ni80Fe20/Nb trilayers is investigated by using broadband FMR 
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APPENDIX A: ANALYSIS OF FREQUENCY DEPENDENCE OF FERROMAGNETIC RESONANCE SPECTRA FOR THE BILAER
Using the same approach as for the trilayer (Sec. B), we extract the T dependences 
